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1.0 JNTRODUCTION

Cabot Corporation, located approximately 3 miles west of Tuscola,

Illinois, operates two Class I disposal wel ls for the underground

injection of slightly acidic wastes. The wells are currently ooerating

under UIC authorization by rule (Suboart C of Illinois Administrative

Code 704).

The purpose of this Application is to present the information

necessary to repermit Cabot's Waste Disposal Vtell No. 1 (standby well)

according to the newly promulgated Illinois Environmental Protection

Agency's (IEPA) Underground Injection Control (UIC) program.

Waste Disposal Well No. 1 is located in the SEc of the SW/4 of the

SE/4 of Section 31, Township 16 North, Range 8 East in Douglas County,

Illinois. The topographic map included as Attachment 1 shows the

location of the well and the plant site in relation to the surrounding

communities.

EPA Region 5 Records Ctr.

298863
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2.0 GEOLOGY

2.1 Historical Geology

The Precambrian history of east-central Illinois is a complex

history of mountain building, metamorphism and erosion. Act ive

deposition was taking place in the area during most of the Paleozoic

Era as the Illinois Basin slowly sank, trapping sediments. During this

time the Basin was structurally open only to the southwest. Much of

the time the Basin was covered by shallow warm seas, but it was drained

more than 50 times and its margins were dry land about 100 times

(Swann, 1966).

At the close of the Paleozoic Era, much of the subsidence and

uplift in the Basin had been completed. The Pascola Arch was uplifted

on the southwestern flank of the Basin some time during the early

Nnnsylvanian or late Cretaceous. This uplifting of the southwestern

flank structurally closed the Basin. Since this time, the area has

9tntr«11y been undergoing erosion.

Ourlnq the Pleistocene, glacial drift was deposited over wide

•*••» of the Basin. Four major ice sheets are known to have covered

** northern parts of the Basin during this time.

an basement rocks comprised of essentially impermeable

metamorphic rocks occur throughout Illinois. The
1A«m crystalline basement complex is overlain by sedimentary

1n age from Cambrian to Quaternary. These sedimentary

thousand feet thick and consist of dolomite,
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limestone, shale, sandstone, chert, anhydrite and coal. Consolidated

sediments of Cambrian through Pennsylvanian age make up the bedrock

surface throughout much of the state. Pleistocene and recent age

glacial and alluvial deposits blanket the consolidated sediments and

fill stream channels that cut through the bedrock formations.

A stratigraphic column showing the lithologies, thicknesses and

vertical relationshio of the formations is included as Figure 1. The

fol lowing, in ascending order, is a brief description of the

stratigraphy beneath the well site.

Precambrian Basement Complex

The Precambriam basement rocks consist of granites and rhyolites

•nd are extensive throughout Illinois. The basement complex is

tncountered at depths of approximately 15,000 feet in the Illinois

i Region.

Ht. Simon Formation

The Mt. Simon Formation rests unc on form ably upon the Precambrian

surface. The Mt. Simon is a fine to coarse grained sandstone

tlHca cement. The sandstone is dominantly quartz with small

» of shale and siltstone.

*» 1$ the lower confining zone. The Eau Claire is dominantly
tttliitM MH

•»« wale in central and eastern Illinois, and dolomite and
ItaMî M 4

southern Illinois. The thickness of the Formation

™ less than 300 feet in western Illinois to more than 1000

** th* <*«P part of the Illinois Basin.

E. DAVIS
A8OOCIA.TB8



Ironton-Galesville Formation

The Ironton-Galesville sandstone overlies the Eau Claire Formation

and is approximately 100-200 feet thick in the area. It is a fine to

coarse grained, poorly cemented sandstone with minor amounts of

dolomite.

Franconia Formation

The Franconia Formation contains interbedded sandstones, shales

and dolomites. The upper Franconia, a relatively pure dolomite, is

considered to be part of the injection zone. The lower section of the

Franconia is a silty shaly sandstone. The Franconia is approximately

200-300 feet thick in this region as shown in figure 2.

Eminence-Potosi Formations

The Eminence-Potosi dolomites were chosen as the injection zone

toctuse they have sufficient permeability and porosity to accept

»*itt», qood areal extent and they are sandwiched between relatively

tfctck beds of low porosity and vertical permeability. The Potosi

rtmttton 1s comprised of finely crystalline, somewhat agrillaceous

•tlttttts. The Eminence Formation is a slightly sandy, fine-medium

"•• Nd dolomite. The Eminence-Potosi dolomites exhibit a vugular type

and relatively low native formation pressures. Isopach

the thickness of the Potosi and Eminence Formations in
1 »• shown in Figures 3 and 4 respectively.

Ch1t>n Rrnnp

r • du Chien Group consists of cherty dolomite with some

andstone layers. The group is subdivided into four
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In ascending order, the Gunter Sandstone, Oneota Dolomite, New Richmond

>andstone and the Shakopee Dolomite. The Prairie du Chien Group is

ipproximately 700-800 feet thick throughout the study area (Figure 5).

These beds directly overly the injection zone and the relatively

'tight" dolomite formations act as an impermeable cap rock to prevent

(upward migration of fluids.

Ancell Group

The Ancell Group includes, in ascending order, the St. Peter

Formation, the Glenwood Formation and the Joachin Formation. The St.

Peter Formation is a fine to medium, well sorted, well rounded frosted

quart sand. The Glenwood Formation consists of poorly sorted

landstones and impure dolomites and shales. The Joachin Formation is a

»Hty sandy dolomite with interbedded sandstones, shales and

limestone.

Galena-Piattevilie Groups

These groups are dominantly limestones with some dolomite, shales

** chert. The PI attevi lie and Galena Groups are locally 300-350 and

•iO-175 feet thick respectively, and increase to over 600 feet in the

part of Illinois.

iqUOketa Erm.p

* Hiquoketa Group unconformably overlies the Galena-Piatteville
*t.
•he Maquoketa Shale is considered to be a secondary upper

*>*r because of its low permeability and thickness. The
••tie 1S approximately 200-250 feet thick as shown on the

IM ««P In Figure 6.
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Silurian-Devonian (Hunton Magagroup)

The Hunton Megagroup consists primarily of limestone and

dolimites, some cherty, some vuggy, with interbedded shaly zones. The

dolomites and limestones are approximately 500 to 600 feet thick. The

Hunton Megagroup is sandwiched between two confining zones, the lower

Maquoketa Shales and the upper New Albany Shales.

New Albany Group

The New Albany Group is locally 100 feet thick and consists of

black, gray and green shales. The New Albany shales can also be

considered an upper confining unit since it lies between the injection

rone and formations containing <10,000 mg/1 TDS.

Mississippi an System

Shales and siltstones comprise the local lithology of the

*1t»1$s1ppian System. The Mississippian Formations collectively are

•PProxImately 1000 feet thick.

Ptnnsylvanian System

Th« Pennsylvanian System is undifferentiated in the substrata. It

chiefly of shales with some sandstones and limestones. Coal

are present at various Formations and depths. The

System is approximately 1100 feet thick in this region.

consists of fine-grained clays, silt, sand and

•W down as glacial drift deposits. Alluvium and loess

• deposited on the glaciated areas and in eroded bedrock

l«tstocene deposits are approximately 300 feet thick in
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1.3 Structure

Central and Southern I l l i n o i s and parts of Ind iana , Kentucky and

lissouri are part of a large subsurface structure known as the I l l i n o i s

Jas in , wnich is subdivided into several smaller areas. The basin is

) V a l in shape, e longa t ing in a north-south d i rec t ion . Cabot

[ C o r p o r a t i o n ' s f a c i l i t y is located on the western f l a n k of the Tuscola

A n t i c l i n e , a part of the L a S a l l e An t i c l ina l Belt in the I l l i n o i s Bas in .

The regional dip of the basin is to the south, however, the beds at the

well dip southwest due to the influence of the Tuscola Ant ic l ine .

F igure 7 i l lus t ra tes the major structural features of I l l i n o i s .

R e g i o n a l cross-sections extending through Douglas County are included

as Figures 8 and 9.

The well site is located midway up the sloping western f l a n k of

the Tuscola Anticl ine. From this point there is a rapid rise in

structure to the east which amounts to as much as 1,000 feet/mile unti l

a l i t t le over 2,000 feet of structure is gained. The Quarternary,

Pleistocene, Pennsylvanian, Si lur ian , Ordovician and Cambrian

Formations all exhibi t good areal extent in the study area. The

Devonian and Mississippi an systems are limited laterally. The

M i s s i s s i p p i an Formations are bounded to the northeast by the La Salle

^t ic l ine. The Devonian Formations extend about 35 miles to the west

°f the proposed well site. A local cross-section i l lus t ra t ing the

detailed geologic structure and stratigraphy of the Tuscola area in

s County is shown in Figure 10.
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There appears to be no fracturing or faulting in the area. The

nearest major fault is the Central ia Fault located 95 miles to the

southwest.

2.4 Seismic History

Cabot Corporation's facility is situated within zone 1 on the

seismic risk map of Illinois (Figure 11). As indicated by the national

seismic risk map (Figure 12) only minor damage is expected within the

region in the event of an earthquake. Except for changes in static

water level, the effects of earthquakes on wel ls in the past is known

to be quite minor.

2.5 Mineral Resources

Coal, crude oil, natural gas and limestone-dolomite are the major

mineable resources in the area (Figure 13). The major oil and gas pay

zones are the porous sandstones or creviced carbonates ranging in age

from Ordovician to Pennsylvanian.

There are no mines or quarries located wthin a 2 1/2 mile radius

of the well. The nearest mine is a coal mine located about 15 miles

east of the well site near Murdock, Illinois. The majority of mineable

coal in the area occurs in the Pennsylvanian strata. The nearest

quarry is a gravel pit located approximately 5 miles east of the well

site.

Underground storage of liquid normal-butane and liquid propane

occurs within the area of review. The storage operations which began

n 1954, are located on U.S.I, plant property approximately 3 miles

**st of Tuscola. The No. 1 cavern is located just west of Ficklin

KEN E.
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Road. The storage capacity of the No. 1 cavern is 5 million gallons.

The No. 2 cavern is located east of Ficklin Road. The storage capacity

of the No. 2 cavern is 29 million gallons. The caverns are situated in

the limestones and siltstones of the Pennsylvanian at an approximate

depth of 360 feet (340 feet above mean sea level).
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fl Sand and gravel outwash deposits in buried bedrock valleys form

prolific aquifers throughout east-central Illinois (Refer Figure 9).

A major east-west bedrock valley, the Pesotum Val ley, occurs north of

the plant and one of its northwest-trending tributaries appears to

occur under and south of the plant site. However, no wide-spread,

prolif ic aquifers are reported in the Pesotum Val ley or its tributaries

(Selkregg and Kempton, 1958, Visocky and Schicht, 1969). Regional

cross-sections showing depths of sand and gravel aquifers in Douglas

County are shown in Figure 16.

Past efforts to develop large-capacity wells in the area of the

plant indicate no prolific aquifers occur in the immediate vicinity.

From 1937 to 1945, nearly twenty test borings and a number of

unsuccessful production wells were installed to develop a groundwater

supply for the Panhandle Eastern compressor station located southwest

of the plant. In 1945, Panhandle Eastern abandoned its attempts to

obtain a ground-water supply and developed a surface-water supply from

the Kaskaskia River. Borings drilled to bedrock in the area indicate

that significant accumulations of permeable sand and gravel do not

occur in the area.

3>3 Bedrock Aquifers

Bedrock formations in the east-central Illinois region consist of

several thousand feet of sedimentary rocks. For the most part, the

0 der, deeper rocks are composed of sandstones, dolomites and

westones. These formations are not important aquifers because of

eir high mineral content. A major structural uplift in the bedrock
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several miles east of the plant, the LaSalle Anticline, brings

permeable Silurian and Devonian limestone and dolomite units close to

the ground surface. Here, limited supplies of slightly mineralized

j| water can be developed from the bedrock aquifer. The city of Tuscola,

located on the west limb of the LaSalle Anticline, develops some of its

water supply from Silurian dolomites.

Much of the shallow bedrock in the vicinity of the Tuscola area is

Pennsylvanian or Mississippian shale. These shallow formations are

comprised mainly of non-water yielding shales with a few, thin

interbedded layers of sandstone and limestone. The shallow bedrock

aquifers are of minor importance due to their low permeability and poor

groundwater quality. A map showing the areal distribution and water

yielding character of upper bedrock formations is given as Figure 17.

There is insufficient data in the Central Basin area from which to

construct potentiometric maps of the aquifer systems cited. The

velocity and direction of flow of groundwater within the Central Basin

area is not generally known. Information gathered in the area suggests

that the groundwater movement is down basin at an extremely slow rate

of flow.

3-4 Water Quality

The chemical quality of groundwater is determined to a great

extent by the lithologic characteristics of the aquifer and the source

•reas. Other factors which influence water chemistry are permeability,

h*Jraulic gradient, distance from the recharge area, and chemical

of the rainfall.
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Data from public records allow only a partial characterization of

if regional ground-water quality data for wells in Township 16 North,

Range 8 East. A few wells in Township 16 North, Range 7 East are also

included in this summary. On the basis of this data, ground water in

the region is hard, alkaline, high in total dissolved solids and

contains objectional amounts of iron. Chloride concentrations are very

low except in shal low wells. Average concentrations of the

constituents are as follows: Iron, 3.5 mq/1; Chloride 12 rnq/1,

Alkal inity 331 mg/1; Hardness, 271 mg/1 and Total Dissolved Solids, 463

mg/1.

There is insufficient information in the Tuscol a area from which

to construct maps showing vertical and lateral limits of all formation

waters having total solids content of 10,000 ppm or less. The

Underground Source of Drinking Water (USDW) limit of 10,000 ppm is

probably exceeded in the strata of the lower Silurian or Upper

Ordovician Systems. Water quality in the Silurian varies considerably

In the Tuscol a area due possibly to irregularities in groundwater

circulation that are related to folds and crevices connected with the

LaSalle Anticlinal Belt. Silurian water has a total solids content

(TDS) of 14,160 ppm, as measured in the USI No. 1 well at a depth of

2412 to 2510 feet. Samplings from the Cabot No. 1 well only 3200 feet

**ay indicated a TDS of 6,000 ppm at a depth of 2700 feet.

As indicated by the regional cross sections, wells penetrating the

*"tire geologic column are a rarity in the Central Basin area. This
fact oiakes it difficult to predict typical total solids content of the
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(deeper formation waters in this region. However, at least two tests of

(water samples from common aquifer systems are available from wells in

the Tuscola area. The first of these is from the Ohio No. 1 Shaw,

36-16N-8E. Total solids for water recovered from the St. Peter,

Oneonta, Trempealeau, and the Franconia Formations was reported in

Illinois State Geological Survey Circular 470 as 24,864 opm, 22,344

opm, 22,548 ppm, and 26,868 pom, respectively. A second well to

recover water from the Cambro-Ordovician system in the area was the

Botts No. 2 Buck, 31-16-8E. Total solids from the Potosi Formation

5130-5301' was reported as 16,900 ppm. (Copies of these sample

analyses are enclosed in Appendix 1).

Since the formations tested in the above two wells are believed to

be hydro!ogically connected to the disposal interval, it can be

reasonably inferred that the native Eminence-Potosi water in the

vicinity of the Cabot well site has a total solids content well in

excess of the 10,000 ppm potable limit.

The presence of at least two major confining formations between

the injection interval and the shallow glacial drift ground-water

tupply aquifers makes it extremely unlikely that there is any naturally

occurring hydrological connection between these two zones of interest.
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4.0 WELL DESIGN AND CONSTRUCTION

Waste Disposal Well No. 1 was constructed in 1966 and injection

operations began in August of that year. The well was originally

dril led to the St. Peter Sandstone at a depth of 4000 feet. This

formation proved unsuitable for injection and the hole was deepened to

Eminence and Potosi dolomites which have a gross thickness of 413 feet.

The overlying strata of the Prairie du Chien Group serve as a confining

layer.

WDW No. 1 was completed with a 3 5/8" 00 surface casing extending

to 315 feet (KB) and cemented to the surace with 350 sacks of Pozmix

cement. A string of 5 1/2" OD API protection casing was then set to a

depth of 4597 feet. A section of 4 1/2" OD fiberglass/epoxy pipe

"Fibercast" was attached to the API orotection casing extending the

setting depth to 4898 feet. This mixed string of protection casing was

cemented to the surface. The waste is injected through 3 1/2" OD

Flbercast tubing. The tubing-casing annul us is filled with oil in

order to prevent contact between the injection fluid and steel

protection casing. Schematics showing the subsurface and surface

details of the well are presented as Figures 18 and 19 respectively.

The well was placed on standby status when Cabot's WDW No. 2 was made

ready for injection.

E. DAVIS
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5.0 OPERATING PROGRAM AND SURFACE FACILITIES

Cabot Corporation's waste disposal well No.. 1 was out ito service

in August 1966. The maximum permitted injection rate and pressure are

400 qal lons per minute and 50 pounds per square inch, respectively.

The averaqe operational injection rate and pressure are approximately

90 gallons per minute and 16 pounds per square inch, respectively. The

casinq tubing annulus is maintained under pressure at approximately 110

pounds per square inch. Annulus fluid is oil having a specific gravity

of 0.913.

A f low diagram of the surface facility is shown in Figure 20.

Injection occurs wnen the pump delivers liquid to the well head. As

described below, the pond water is injected when the automatic valve is

in the fully open position. When the automatic valve is closed, the

wel l is under vacuum and the flow is diverted to the mix tank whicn

overflows to the pond inlet. The higher density of the acid causes the

well to go under vacuum during injection.

Flow to the well is regulated by changes in level in the ponds

which feed the well. A signal indicating high pond level will open the

automatic valve, allowing maximum flow to the well. A low level signal

"ill shut off the flow completely. These levels are observed by the

Plant operators via an indicator light system, by visual surveillance

°' the ponds and by a chart recorder on the burner floor.

There are two ponds which receive the wastewater. Only one pond

(north or south) is on stream at any qiven time; the pond not in use

rves as an emergency or surge facility wnen not awaiting sludge

El.
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WASTE FRONT RADIUS CALCULATIONS
WDW NO. 1

i
PARAMETERS,

?orosity, 0

Hydraulic Conductivity, K

Injection Zone Thickness, H

Storaqe Coefficient, S

jell Diameter (Injection Zone)

Radial Distance, r

Injection Rate, Q

tell Life

Constant, tr

S. G. Formation Water

Front Radius Equations

Radius Without Dispersion

r =
Q

-TTH0
Radius With Dispersion

rl = r + 2.3

.063

60 ft/yr

413 feet

0.86 x 10 ~4

7 7/8 in. = .66 ft

ft

2.8 x 107 gpy
(400 gpm max. inj. rate)

30 years

3.14

1.02
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green, fino, n

dstono, doloLiitic, slightly
luconitic, vhito, flno.
Claivo Foi-.2:\ticn' •
ornito, candy, partly argillaceous;
ay to dark £i*ay. - . , .
or.ito, argillaceous, partly'
av.conltic, cioi-k bro'.Tn, dark gray,
ndy at top.
dstono, dolonitlc, Gray, bxurn,
r.a to Hcdiun.
oniito, vei-y sandy, dark brcr./n,
ay, fino to r.cdivju
onvltc, arelllECooaa, bro^m, finoj
alo, slightly glauconltic, green,
omltc, aa-above, tut glaticonitlcj
alo, Cra7> green, brara.
\Qt dolor.iitic, bro-un) dolomltOj
above.

or,tor.3, dolonltlc, silty, buff,
dlxw to coovco,
Itstono, gray,
lo, E^con, firn) ccattered dolo^ilto.12
.oj linoritono, oolitic, brcwn^ gray
no, cal carcoun.
oanplo
ontonc, dolor.il.tic, oolitic, brovm
Tho Ohio Oil Company

rVcl/irn

•^AjO

inJLU

t 1<3.Ap
1ft-LU

5
Trt
10

Of\*«:0

5

. ̂up
i<̂
_ jIP
,,
'p

on

j.
p

tjp
-» 1 9t j • j.c

nUov/

To,

• . •

"- , .

.

• '•'
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j , i/bi'to, Cine;, vovy fino, oaiviy.
.^j • • Li-nostone, dolonltic, oolitic, buff,

•^ 5 J j fins, granular, poroua, voi'y finoly
122^ 1 i 8ana/» i !• • •J •* ] . Liwo.^tono, IdoloMitic, oolitic, brov/n,

, ; bufjT, \;hito, fino to ve^'y fino, uaiv
i j Siltstono, c^^'^'^^itic, nicaccouo,

^ i 1 grcon, pink; oolitic linostonc, ao
™M

•- 1,
above*

fiilts'toncj shale, livicaccoua, rod,.
./^ i pink, brovm, voi^y touch.

^ ** ;! Silt.stone, nico.ceouo, pinkj oolitic
;| li!;icjslono. .- . .

-^ . :, Siltstono^ Micaceouo, pink, green.
-^ ^ .' Siltstono, n icacoous, pin'ij scnttercc

oolltoo. . .
-. ; Siltstone, Jiicaccoua, pink, littlo

^ • grcsn; ccattcrcd rod shalo and
'.; . oolitic linxoc-tono. .

ooocf '; Slmlc, rfldj siltatone, pinlc| oolitic.JJJp j

wlnJJJV i
n&<^J°p

"^^70
!

"\V)f\jjyo

^-Q,J

Ol.Art^r-lWW

.51 •

3li20
3h?8«/iif»v

/\hf\vf . IidV/ I 51 fil_Wl III f 1 § J lV*f Jb*J |f »W

Iiirj33tono; ailtstono, green.
Siltatono, r.iicaccoua, pinkj shalo, n
Sane, and oolitic/" pink ond bro;/n
dolor;\itoj eiltotona, greou.

SilVotono, pinlc, green; ahalo, x'cdj
dolom«.to, pink.

Siltstono , pink; shale, red, littlo
green.

Shale, rod, green, glauconiticj oilt-
ff\«Ine, pink, gray.

Sliale, ailtctono, buf.f, broirn, reddit
dolo;nitic> . .

Shale, ormdy, irticQCOono, green.
Sanoj dolomito, ciauconiticj chalo,
gray, brown, oandy, i-ilcaceoua.

Shale, grcon, oandy, micaccouo, part
glaweonitic.

Shale j grcon and red, micaceoua.

TMcVnr^ t
. _ -

22

• i i

15

y.95

30

10

10
25

15

80
'

15
d.17

12

n

27

58
i
35
5

io
20
20
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3560 ;
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3610 !
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3762 !

377h •

3785 ii
. 38121

3070 i

3905 !
3910 i

3920 ;

39hO :
3960 ;
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»-. if.

?; (,'iM/j JOxtj r.i'.Jf.ly
)t b1.?,c'.;j s?v..lo> yv.v/j ssnJstonOj
.oj truco of coal
tono, ten to g.vo.y . .
tone,- light ox-ay,- £ino9 sonc-v.hciJ;

tons, bu?7, den co
, black 1
, light gray, sandy end ILny '

•, blfiCkj lii-'jlono, tin} toaco of
, g:er/> .Ur.y
tono, tsa to gvayj chalo, black}
o of coal
•? g.vay; n HU1-D llsrosl-JRo, buff
, gray and djv!; gray 5 lifcistono,

-, Q:cays a litt.lo lir.oslonsj tan
•, blacks i\ little lir.ostcnoj ten
.to no, v.'.iUo to llghi brO'..n, hojcd
: sandy
-, block
•, gw/ to o'cvk gvayj ECHc-v.hiyfc lit.
i sandy
SST?!^AII « fllSl'iCS

•VM
* •-*

•tono, vlilto to light bi'ov.n, chc.vt
o of sand
.tona, tan, donco, tvaco of candj
> choloj d,u-'c gi'dy
::\Tit
.tono, vJUto, vino, limy r.nd shaly
r:vp .̂:;i

• ion:), v.hlto to tan, donsjoj ehaloj
' end cc.r.i red
?, groonlch-gvay and rcdj eo;;.o lir.

A^
.torn, iifjh'c gi*.r/> vor/ fino, liw/
>, GC-V/) ccr.-.T lli'.v)atono, tun

Tht^nf»il Try

1 d60

!

'

coal

an

OIRO*

{

r

groo

)oton

740
700

770
870
CSO
890
950
970

9SO
C90

1010
. 1020
icao
1091
11C3

1120

1258

1276

1290

»lch
1332

>j
1340

1360
1363

. DellXB 1

'/<\Q :
'.

1

730
770 ;

F~T^ •timot* cro*.o«i»CA». ••HIVXT. unn*:n

sum

SJialo, yroc.ilclvij.voy and :-:cdj oO;v.o IAI.-
tail

\\$8A&£&* i
LluGotcno, brov/.T, iilonuo

j! Shalo, g.YooivU-h-gsay, plolyj corno .vccl
870 ;: traco of ilrnootcno
CSO 1. . LiwoutonG, b.vov.n donsa
690 i' t\\\:{ Vnr.osj
950 :' Lino&tofiG, b.vo.vn, dcnaoj sono or:ndoton
970 :. linht gvay> shaly
9CO ;: Shalo, :ccd end gvconj COT.JO sondotono,

!i g:-:<v/» fio
990 St. Cioncvi-.3vn-f.ovJ.ns3

1010 ' bolorjito, v;lvlto, vorv fino cr/stctl.inoj
1020 'i olisht pox-osHyj oil stain and
1020 ij flousoscnco 1405-61
1C91 ;i I.iMOotono, browi, dcnso

1; Liiftoatono, ton, vovy vino crystalline,
1103 " Limestone, ten oolitic
1150 R^oipJlu:>?.5

; Limsutonoj light g.vny to light bvov.n,
1250 '. to olicjhtly oolitic

•; Limootonc, b.vov.̂  d6nc(?, slightly colli
> Lifu'ostono, light gvciy, vovy i?ino c-.-yoi

.\ lino> eomov.'hata chovtyj traco of gy;).';
1276 ; salsa*

, Mriio-otono, light bx-ov;;ia donao
1290 : Llmostono, light tan to b.vov.n fino

'i cvystalllno fossil Iforous, no floux-oc
1332 ! (Microlog paoosity 1614-10 'j 16?.4«-26)

| Limoctonti, liglvt >j>:ay to v.hito, fino
; cyxrat-illln;!} traco of chea-t

1340 I/J.i,iD3tono, gray, don so, avgl.UoccoMs
i

1360

1363
1375 ii

PanhirrJ-lo r,istorrt ?! polios Co. j'ftUlSijoT/l ,
r.r. \ / 1 1 *»*» -

Ll.'ftostcno, fjrayj chort, tan to giv\y
Chalo, g?.\v/, limy
I.lmoGto.'io,
Shale, Qi'-v/
Shalo, ox-ay

=Jj!li'i ' O

g.vay, den GO to finely cvyoJ
, Ur.»y
, ciHy to sandy j tvuco of

.
Tfl^cVne'i

if; ton

i
i
i

.-halo

i

>»

>. IgUl

chc.'i»

.losno

lo
.11-
J»l

onco

all in

:-:od

Toj

1373

1415
,

14SO
l'',30

1435

1^/tO

. 1448
1470

oyllGS
1505

1520
15-11

1570

1601

1610

1630
16'',0
1643
1650

> 1C60
1690

1790

CoU;.-4

1413

14?.0 ;

j
1'.30 '
1«:35

,

.vv,o i
. j

W.8.
i

i

1470 !
1403 •-'
1503
1020 i

*

15-11
13VO .

•
1601 .

1610 :;

1630
i

1640 .
1645
1600 !
1660 1
1690 !
1720 !

1
r/73 !
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od by B. P. fcrioia, l?ljf».

AM SYSTEM
ytono, buff, siliv, fino to veiy
jt slightly coti'olifcrous.
strr.o, buff . vhite, rcadlua to
rso, crystalline, very foosilifci*-

.
:nite, silty, bi'or.-c, fino, granular
rolifcrouo, ooroua.
nite, silty, brovir'; gray, very
o, granular, partly sandy.
aite, partly sand/, gray, brown,
ra fino, partly petroliferous.
, but very dense, r,oro sandy.
:nitc, silty to sar.dy,- gray, buff,
ra fino. •
, to sandstone, dolouitic> buff,
y, fine, r-cdiun (last * feat).
All SYSPETI : . . .. :
ran Series - • '
r.iitc, gray, fino, medium, crystal!
!.

, sandy, chcrty.
nite, chcrty, bro-m, buff, vory
.0.
•uite, chcrty, gra/, buff, vory
tO.
.mite, brc^/n, very fino, petrolif-
>uo. .
alte, -white, brovra, fino, very fir
r^htly potroliforo-ja.

Ift.w«rc»

JiO

*

^}

10

13

7
l*

3*

1*

•̂

20
10

3*

hO

3*
3,
20

/ Tr.o Ohio Oil Company
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TIT E. P. Duboio
xi (/JS Crd.-Oo.

ft*
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•

( .. ,- .
• • • .v-

•-
.-- .

Oettonl

','

ho

U*

*o

60

73

80
95

• ; ,

. 130

Hi*

16*
17*

210

2*0

28*

30*

.{.. .(

T---r

.L.^.i :
^ .{....[

.. 4. ...t..

. .r ...

. 4- .:_

-TT
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StriU

Doloxito, v;hito to gr^y, very fJno,
•: dOllSO. ; . .

Dolomite, argillaceous, groonloh, gra}
, very fino. ,
Dolo:.iitc, ai'glllaccouD, silty, grayi ;1
green, very fine, granular, littlo

: dolomite, gray, fino, donao.
Siltstono, veiy dolomltlc, green.

.! Dolo-aitc, r/hito to gray, fino, ell
! etainod, cherty.
: Dolonito, very silty, gray i ';h -green,

very fina, ; granular | chortyi littlo
oUtstone, gi'con.

Limectono, part very silty, doloinitiOj
• greon, littlo pink, buff, very fino .
j Sane i shale, calcai'ooua, reddish-

) j broTm. , . . • • ' • • • '
}• Liraeatono, argillaceous, silty, weak,
jl pink, rod, green, very fine, msdiun.

Liuestone, light buff, red foooil.
j • casts, lithographic*

lli!;Vnf.i

70
>
1*

• *

•
3*
20

10

100

2*

10
<
30

2*
i- Sane, partly orgillaceouo, greenish, .
i: pinkish. . ~ , •
j; Lircastone, buff, pink caota, voi*y
j fine, very coarso.,
,! Alexandrian Sorloa
; Limestono, partly argillaceous, partlj
i glauconitic, brov/n, v;hito, very fino,

. pyritic, very finoly sandy.
'. Sauo, and brov/n . .

ORBOVICIAtJ SYSTBI
:'. l!aquokota Formation ' . '

j Siltstono and shalo, calcareous, groc
1 Shale, silty, tough, greenj clltstona
! argillaceous, grcon, toujh (inter-

• boddcd).
Shalo, ao nbovcj linwstono, argillacc

oun. brovm» mottled, focsilifcwun.i . .

2*

3*

10
10

n.l*

'

?
27

T.,

|

1

• '.' \

.. ..-

«

c

•

1
I

1

J3

C

c

t
t
t
7

1
1
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620

670

71*
72*

822 ;
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, <k>lo-.i.U.tc,
:;-fc bi'o;//!, nct.i'ol.ii'eroHO*
.Istoro, dolo:.:i tic, vhlto, fino to
.'.iu:.i, pyviticj p-.-.ro'oably shale
d do lo :u to p.-u'Unso.
ilr.tonc, Tihite, fino to nodixa,
vitic, In part,
o; shale, fix'aciij • djioaito, brown,
no. ; :
opco Doloaito • .
onita, chorty, T.idto, vei-y flnoj
c.lc, grociii . -. v
.oalto, -chevty, fji'ayloh-bwff,
nej sandstone, doloiiiiic,
cle, green* • • : • • •
.o;aite, / che
:o, chert, oolitic, vh.itoj chei't, ;

j • spjidstcno, -. siliceous, vhito,
i-5.ua.

20

20

10

10

rly.2

» .

10

10
.ondte, as above j sono oolitic chert j
•ecn shale; sand, • 20
-oiaito, as cbovcj eandstono, dolo-
.tic, end siliceousj greonshale,
\nd ahalo, gray ar»d green, at 1810'
idator.e, nilicccua, colondtic, T/hito,
iff, rediunj dolomite as above. 13
.ouite, buff, gray, very finej
Clitic cha'tj littlo saidatono. 27
:rt, oolitic, brov.Ti, green; dolo;nito,
3 abovo.

enrdstoro and shale. 33
jtly dolonito, SOKI chert
\(\ c'f.ilo a3 alovo. 72
LonltOj v/Vltc, very fino,
icrtyj occittoro-.l y\nl, 12

.oaite, cherty, bu.ff, very finoj .:-.
indntor.c, cblo.r.itic, vhito, finoj

Tt,

Tho Chio Oil Co.'pany

1590 j
I

1610

Dolo.r-.lto, slifihtly r-ancly, cherty, g
very fino to fir?o; thalo,. grcon.

Eolor.>?.to, fine, owidy, v/hita to buff.

169* :

171U )

1755; • ; ,
1775 1

1828 ::

I860 1
1093 §

1965

1977

fiii3, very f lnoj shale,
Doloilto, sandy, f-rayluh-buf.r?, green
ish, very fina to finoj oolitic
chort. .

Dolomite, buff, li}»ht prray,chci>ty,
fir.aj sandstone, dolor.dtic,

Dolonito, ae abovoj oolitic chert, .
v/Mte. • •. . • . •

Dolonilto, cherty, gi'nj', very finoj
littlo sand*

Sane, dolomite, gray, Kediuuj sand-»
. ctono, doloTiitic, gray. . .

Nerr Richmond Formation •
Sandstone, dolondtic, siliceoua>
vrhite, taadiuinj oolitic chert j dolo-
mite, f.3 abovo... ,

Oneota Dolomito '
Chert, dolonitic, oolitic, brovmj
dolomito, brov.-n,"1 f inoj sandstone aa
above.

Dolonito, brovm, f inoj chei't, partly
oolitic, vfhitc to broT/n; shale, c

S?^d ciid sandy
Dolorn.lte, very cherty, brorm, fino
to medium, odattercd sand.

Dolomite, sandy, lifjht gray to buff,
cor ty .

fine,Dolomite, oandy,
chort.

10, raoro chorty, bu.ff,
Doloaito, chorty, buff , fino,
DoloMlto, chorty, v/'iito, finoj oolit^o
chort, v!ilto«

iw, bub gray, unndy.

TUct no-..

7>)l
i
9

i

10

10

10

5

ii..

3!;

Tcj

20

13

17
15
15

10
10

1901

1990

2000 •:

2010 ;

2020 >
i

2025; .,

2036:';
.'i

• . •' *

2070 ;:
• • ", ",>

2085 '•••:

2096
2100

212-0

2133

2150
2165
2100

2190
2200

TTio Ohio 01.1 Company Shnw,
-SB



•T-U'tf, churLy, V;:uly, very .1.̂ 3 hfc
T, fine, P.cdivru
nltc, slijjhtly E:indy, gray, fino
j, very cherty.
riito, cherty, sandy, gray,
>:.\itc, saiv-ily, gi\v/, r*
r^.ita, vhlte, fir.a to K-
n«t, vhito, oolitic in part.
>:ilto, vc.'y chert/, vhVto to lighi|
••y, .tvxUun.
xi'te, chorty, gvsy, nedlira. .•
», 6o:"3 brown, cvcrty oolitoo.
)nitc, cherty, gray, nedivu, to
\rts, green qx'-ivta. y
mite, cherty, gray, no.*.vn.
)nitc, cherty, g;
lixm.
j.iltc, cfcfii-ty, eivy,
Htic ch?rt.
jnito, civsrty, osndy, gx't.y) chert;]
aay quart-nj scst'oorcd sand.
3ir.lte, chevty, sandy, gray, fino,
•lira.

o, vhlto, f lnoj oolitic choi'tjj
uay quarts.
jnlte, firo to f.edlun, oandy, vhil}
n^j ccatt'jred cherty oolites.
Drjito, argillaceous, gray to bro\n^
rv2, cedixn; oolitic cherty
or.ito, gray, broMn, inedluaj much
11 tic chcr.»t.
ordto, bro-.vn, finoj much oolitic
ert, brcrm,
o and car.d, fino to ntodlun.

j, brov/nioh-graj
oo car.dj ssr/lctono, ;c'2
eon, fj.noj .oolitic
or.ito, flno to vor/ fine, candy, •! j
ay.,i_f.tn?..to. pi'|l
Tho Ohio'Oil" Cor

TTi'ctnci

D*

6
16
_ i

.2li
11

• •lih

93
17
17

8
»,/
?

20

.
» *

Hv

17
M Jfc

10

°f«U8
>

^ r*

1?

10

20
9

1

11

it 'J-
— -zrs-?^ .̂

T.»

t

-

•. ' .

.

Dtllorm \

. i
22l!i '
2220 j
2236 1
_ *
2260 '
2271 ;

'

[ . Suilt

oolitoo.
Doloulto, gi'ay, flr.o, very f inoj ^7hxt

chancy chert nud cherty oolitea.
'. Doloralto, bvoi;nish~gray, fine; cherty

ool5_too»
Tolo-^to, f3.7io to nedlixM, candy, gray
pai'tly nvijillaceouo.

231̂  ; Sands ton o, dolo;oltic, gray, fino to
i ' ' mcdlun , . .

2 j03 CAUBRTAH SYSTK! .-
fa , Trewpcalean Doloraito . ." <

2iw2 '• Dolonito, fine., candy, gray, flno.

2h?0 ;
At r* ' r*

Samo, not candy* .
Polooito, "brcr.m; gray, flno to nod5.\ii.

2U5> i| Samo; and dru&y quarts »
;i Doloralte, brov.n, fine) drxtay qxiorts.

2U7? : Dolonlto, light bro:mich- gray;
' ,\\ di'UiSy quarts.

2'iOl. ;j Dolorntto, broiin, raediun, drusy quart'/
ii glauconltic flccko.

2'»9? '; Dolonito, cllghtly glauconitlo,
:| mottled, gray to^bro:m, fino to

2?12 '! medxxua«
i Doloalto, f/Vite, tinged brown, green,

2?22 ollghtly galuconltic, r^dLxun,
. ' Dolorilto, nottled, brovm, gray, modix

2570 : oolitio (?).
Sarc.Oj eorao sandy, alJL glnuconitic.

2585 , Dolonlto, sandy, g]auconitic, bro-vm
to gray, flno to inodluu.

2595 : Sam-3, with brc./n slialo partlngo.
, _. Dolorxlte, slightly glaucoixltic,

261?
+*. f f*\262U j

j

263?

Shaw, I.o-.vla 'ffl .
*\ X ^ X*» ft»» 1°.6-.i6:[-M]?

oolitic, mottled, brovrn, gray, fino,
very fino.

Dolo-iitc, brovm, flno to ticdlxun.
Samom anl v;hitc.9

Dolo:.ilte, brovm, fine, ecattorod vcr>
flno glauconlto*

ThUVnr i t

20"

J

10

1?*̂
)

?
10

h?
20
.1?
1;0
?o

10
>
80

3?

10
Ul'o0
12

1?
10

U
13
10

10?

TI^o "ohio~01l" CosiTryuiy ^Vi
tt *•• • /

COIKITY !V.u.-»1in O.S.i/n.T'lj

Tcp

r\vi"i fi6;

DoUcirm

2600

27)iO

281?
. 206?.

2990

3000

3003
3020

303? '
30?3 .

3070 .
3080 ;i
310*

•n??



S'jf.t

o-iite, v.Mto, very finely crystal!
o; cliiiloj diT.'c \!,wy'f (,'voon,- dark
.!, micaceous.
Ic, dr.rk ijreon niv.l dark red, .;
:r.ceous« . • ;
3, aixi siltstonc, dolomitic, Ci'A/>
u:conltic, - '. • •. •
•)t r.oatly chnle.
Lo, "tLni'k c\'p.y rnd red.
.0, dark groy £>nd red, oiltyj • ,
.tstor.o, pin'-:, glaucou.ltic*
LOJ dolcM.itn, ollty to cnndy^
\uconitic, Grt7i slltstonoj •

• • . • " . ' . . • • . ' . . ' •
Le " • ' • • • '.. ' • - •• • . •.. -: - . ' • •• . . ! .

Is tone, pyi-itic, ci^rtxlitic, fin:
KCCl.Uir.'., MlCt.CCDU3.
lator.e, very Tina, qv.nrfczitic.
ist^r.s, very fino to inotliua,
>so to co!.ip.?.ct.
Istono, pink, very fino to coarco,
•t quartzitic.
Istono, \<riitOj fire, incoherent*
latono, 'i7liitc, finto coarse,
;ohcront. • - • .
l.itone, T;hitc, very fino to modiut
:ohci'onfc. . .
Istono, v.hito, firo to coardo,
:ohcront. ' ;
il depth, driller »o lo^ . •

;ged back to '
' f.nd Abandoned. Plucjod to 165'
; ao vater \;oll at 165'
jlcctric lojj run.
/rilling tir.o lo^ kopt.
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